Abstract-The purpose of this paper is to explore the ability of the system identification technique in detecting a specific gas at a constant concentration level by a single sensor. Metal oxide semiconductor (MOS) gas sensor is used due to its wide range of applicability in gas monitoring systems. Using the Batch computer method, 115 outputs were recorded with sampling time of 0.57 Sec at a concentration level of 2600 (ppm) for Methanol, Ethanol, and Bethanol gases. Appling the estimated model, each gas was successfully distinguished.
I. INTRODUCTION
Recognizing and monitoring the type of gas is one of the most interesting challenges in the related industry. Traditional approaches apply gas chromatography/mass spectrometry instruments to detect and quantify volatile organic compounds in a complex mixture of gases. However, in recent years, the artificial olfaction instrument (electronic nose) has been widely used in various applications, such as food and beverage quality monitoring, medical diagnosis, and environmental monitoring [1] .
The main concept of designing the electronic nose is to distinguish different odor samples for certain applications. However, a few investigations have also reported the ability of the electronic nose in analyzing gas mixtures [2, 3] . All of the reported researches have studied the application of the electronic nose on the gas mixtures by applying the typical structure of the electronic nose.
Among different types of chemical gas sensors, metal oxide semiconductor (MOS) gas sensors (see Fig. 1 ), are widely available and used in fabrication of gas monitoring and artificial olfactory systems [4, 5] . The typical MOS gas sensor includes oxides of tin, zinc, titanium, tungsten, and iridium, doped with a noble metal catalyst such as platinum or palladium. The doped semiconducting material with which the volatile organic compounds (VOCs) interact is deposited between two metal contacts over a resistive heating element, which operates at 200 °C to 400 °C. The conductivity between the two metal contacts changes in proportion to the concentration of the VOC. The steady state response of these sensors depends on both the concentration and the nature of the target gas (TG) [6] . The response of the sensors, i.e. the change in its conductance ΔG, to a TG of concentration C is given by the following equation
where S and m are constants for a specified TG, and define the respective sensitivity of the sensor. These parameters are usually provided by the producer of the sensor. The value for m in practice varies with the TG concentration. The typical variation range is 0.5-0.9 [7] . Equation 1 has been used extensively by researchers and the industry for the description of the responses of various gas sensors [8, 9] . Although different attempts have been carried out to fabricate selective MOS gas sensors, diagnosis of the type of gas by a single gas sensor is very difficult, if not impossible. The response of these sensors is also non-linear and depends on many physical and environmental parameters such as saturation and humidity. In this study, a system identification technique is employed to identify the type of proposed gases at a constant concentration level using MOS sensor.
II. DATA COLLECTION AND PREPROCESSING
Practical responses of the commercial MOS gas sensor, as shown in Fig. 2 , at a constant concentration level, are employed to identify the process. Initially, the response of the sensor was obtained by applying simple voltage divider circuit and recording sensor conductance, ΔG, as shown in Fig.  2 .
In this way, using the Batch computer method, 115 outputs were recorded by a sampling time of 0.57 Sec at a concentration level of 2600 (ppm) for Methanol, Ethanol, and Bethanol gases. The data characteristics were reviewed for any of the following features to determine if there is a need for preprocessing: 1) missing or faulty values (also known as outliers), 2) offsets and drifts in signal levels (low-frequency disturbances), 3) subtracting trends from the signals (Detrending), and 4) filtering data. 
III. CHOOSING MODEL STRUCTURE AND PARAMETERS ESTIMATION
"Identification for control" in an industrial practice most often means that simple process models with two or three parameters are adjusted to a step response [10] . The most common transfer function used as a process model is 
which is a first-order continuous-time process model, where K is the static gain, τ is a time constant, and d
T is the inputto-output delay. The models are always estimated using the measured data set which is divided into two parts; first, the estimation data that is used to fit a model to data and second, validation data that is used for model validation purposes.
Ljung (2003) introduced a method to estimate model parameters given in Equation 2 in a standard system identification framework [10] . In this study, the same method is employed to estimate model parameters. 
BFGS quasi-Newton algorithm was employed to solve Equation 4 as described in [11] . To verify model validation final prediction error (FPE) and lost function (V) are computed. FPE as a row vector contains the values of the Akaike's final prediction error for the different models. This is defined as
where V is the loss function, d is the number of estimated parameters, and N is the number of estimation data. The loss function V is
where N θˆrepresents the estimated parameters. FPE can be negative when the number of estimated parameters exceeds the number of data samples, which can occur for models with multiple outputs.
IV. EXPERIMENTAL RESULTS
The parameters of the dynamic models were determined using the method described in section III as shown in Table 1 . Table 1 demonstrates the predicted parameters for methanol, ethanol and bethanol gases models. Furthermore, the loss function, FPE criterion, and model fitness have been presented to evaluate the model validation.
Using estimated parameters for transfer function given in Equation 2, methanol, ethanol, and bethanol are identified among other gases at concentration 2600 (ppm) as shown in Figs. 3, 4 , and 5. Figures 3 to 5 illustrate that the type of gas at a concentration level of 2600 (ppm) can be precisely determined by the proposed method. However, the identified model may estimate a different model for the proposed gases at different concentration levels. It is due to the nonlinearity effect of the MOS response. 
V. CONCLUSION
The ability of the system identification technique in detecting a specific gas at a constant concentration level was explored. Metal oxide semiconductor (MOS) gas sensor was used due to its wide range of applicability in gas monitoring systems. Employing the Batch computer method, 115 outputs were recorded by a sampling time of 0.57 Sec at a concentration level of 2600 (ppm) for Methanol, Ethanol, and Bethanol gases. In conclusion, based on the achieved results of this study, metal oxide semiconductor (MOS) gas sensors can be applied for detecting the type of gas by the proposed identification technique. 
